INTRODUCTION
Patent ductus arteriosus (PDA) is significantly more common in premature neonates; its incidence is 80% and 45% in premature neonates with a birth weight less than 1,250 g and 1,750 g, respectively [1] . The left-to-right shunt in PDA in premature neonates can increase the incidence of chronic pulmonary disorders, intracranial hemorrhage, necrotizing enterocolitis, renal failure, and metabolic acidosis, which can be direct causes of death. The appropriate treatment regimen for PDA comprises one or more cycles of medical treatment, if warranted, prior to surgical treatment [2] . Conversely, surgical treatment may be more effective and reliable, and, in over 40% of neonates examined in several studies, should be performed in very low birth weight neonates for whom medical treatment had failed [2, 3] . Presently, we report the role of Primary Surgical Closure in Large Patent Ductus Arteriosus − 179 − surgical closure of PDA in the mortality, morbidity and outcomes at 1-year follow-up in premature neonates weighing less than 1,500 g.
MATERIALS AND METHODS
A retrospective study of the role of surgical closure of PDA was carried out by analyzing 68 premature neonates weighing less than 1,500 g who were diagnosed with PDA from January 2008 to June 2011. The parameters evaluated were gender, gestational age, birth weight, the size of the PDA, the signs of respiratory failure, associated intracardiac defects, presence of necrotizing enterocolitis, development of bronchopulmonary dysplasia, residual PDA, body weight after one year, mechanical ventilation time, length of hospital stay, and treatment methods. Bronchopulmonary dysplasia is a chronic lung disorder that is most common among children who were born prematurely, with low birth weights and who received prolonged mechanical ventilation. In this study, bronchopulmonary dysplasia is diagnosed by chest radiographic findings. The mechanical ventilation time was estimated from the beginning of the application of mechanical ventilation to the end of mechanical ventilation. The length of hospital stay was estimated from admission to discharge.
Medical records were used to evaluate these parameters. All of the operations were performed at the neonatal intensive care unit (NICU) so as not to deliver the baby, considering the hemodynamic state of the patient. To maintain the same conditions as those in the operating room, anesthesiologists and an operating room nurse participated in the operation, and the necessary operating equipment and tools were carried to the NICU from the operating room. For anesthesia, fentanyl citrate and vecuronium bromide were used for sedation and muscle relaxation. 
RESULTS
The general characteristics and associated conditions of the neonates are shown in Table 1 . The patients comprised 36 males (52.9%) and 32 females (47.1%). The mean gestational age was 192±20 days and the mean birth weight was 926±286 g. The mean size of the PDA on echocardiography was 2.3±1.1 mm in diameter. Group I, II, and III consisted of 32, 29, and seven neonates, respectively. Twelve group I neonates (37.5%), 25 group II neonates (82.2%), and seven group III neonates (100%) had a PDA ＞2.0 mm in diameter (Table 1 ). The numbers of neonates with respiratory distress syndrome, associated intracardiac defects, necrotizing enterocolitis, and sepsis in each group are shown in Table 1 . In group I, six patients had intracardiac defects. Three of the six had atrial septal defects. One patient had a ventricular septal defect. Two of the six had both an atrial septal defect and ventricular septal defect. In group II, eight of the patients had an intracardiac defect. All of the patients had an atrial septal Values are presented as mean±standard deviation or number (%). PDA, patent ductus arteriosus; RDS, respiratory distress syndrome; NEC, necrotizing enterocolitis. Consequently, the mechanical ventilation support time is lengthened, which ultimately induces structural changes such as BPD [5, 7, 8] . In addition, the shunt can cause congestive heart failure and reduce cardiac output, resulting in decreased blood flow to the lower extremities. Diastolic steal to the pulmonary artery reduces blood flow to the abdominal organs and may lead to necrotizing enterocolitis [9] . The incidence of PDA has been estimated to be 10% to 60% according to gestational age, and varies [10] . To evaluate the incidence of significant PDA, several diagnostic indicators, such as cardiac murmur, tachycardia, bounding pulse, widened pulse pressure, and dyspnea (increase of oxygen demand and frequent adjustment of the ventilator), can be used [11] . In addition, echocardiography and Doppler sonography can be used to diagnose significant PDA using the following four criteria: 1) demonstration of a left-to-right shunt, 2) a left atrial:aortic root ratio exceeding 1.3, 3) ductal size＞1.5 mm, and 4) disturbed diastolic flow in the main pulmonary artery with a diastolic backflow in the aorta immediately below the ductus arteriosus [12] . For the medical treatment of PDA, oxygen supply, fluid restriction, diuretics, and medications can be used. Surgical treatment involves ligation of the PDA.
However, until now, the indications for medical versus surgical treatment of PDA have been contentious. Primary surgical ligation of PDA might be safer and more effective because of a high failure rate and the complications of medication in premature neonates [5, 6] . It has been opined that medical treatment should be performed prior to surgical methods, since the operation could cause unstable blood pressure, respiratory disorders, infection, intracranial hemorrhage, chylothorax, and paralysis of the laryngeal nerve [13] . In our cases, we had not experienced any of these complications.
It can be difficult to determine whether medical or surgical treatment should be performed first [14] . Currently, surgery is performed in cases in which medical treatment has failed or is not feasible due to accompanying problems, although the timing of the operation remains controversial [15] . It has been recommended that an operation should be performed if the ductus arteriosus remains patent even after administering two cycles of ibuprofen, as the morbidity caused by the PDA might increase with time in premature neonates [16] . In one study, two cycles of ibuprofen were appropriate since some of the cases showed PDA closure after this regimen, even in cases in which the PDA was not closed after one cycle of ibuprofen [17] . Jhaveri et al. [18] reported that 72% of patients who received medical treatment underwent surgery, and that gestational age was influential according to the analysis of the operative group. In that study, 81% of premature neonates with a gestational age of 24 to 25 weeks underwent an operation, 56% of premature neonates with a gestational age of 26 to 27 weeks underwent an operation, and 14% of premature neonates with a gestational age of 28 to 29 weeks underwent an operation, indicating the importance of gestational age concerning surgery. Presently, the primary surgical ligation group showed less development of BPD and shorter me- to control bleeding. Moreover, thoracoscopy needs to be performed in the operating room because of the equipment required, which means that the patients also need to be taken to the operating room [20] . A study performed in Korea reported good results for the operation through a small posterior thoracotomy, which could reduce the incidence of injury to the lung and pleura, and for which there was no need to insert a thoracic tube [21] . In the study, 24 premature neonates were enrolled. Eight premature neonates died because of poor preoperative conditions. There was no surgery-related mortality.
Raval et al. [22] reported that the patients who received surgical treatment after failure of medical treatment had a lower survival rate than did the patients who received only medical treatment due to patient characteristics, although this difference was not statistically significant. However, in our study, the total success rate of medical treatment was only 20% in the patients with large PDA. However, survival after surgical treatment was high even if the patients with medical treatment failure were included. Moreover, there was no operative mortality and a low incidence of BPD in the patients who underwent primary surgical closure because of poor medical condition (group III). From these data, we believe that overall mortality and morbidity could have been reduced if all of the premature patients weighing less than 1,500 g with large PDA (≥2 mm) had received primary surgical closure instead of medical treatment. Our data clearly showed that surgical closure after failed medical treatment prolonged mechanical ventilation time and increased incidence of BPD.
Considering long-term quality of life for premature infants, postnatal adverse events and mechanical ventilation time after birth must be minimized. We strongly believe that primary surgical closure of large PDA can reduce mortality and morbidity for the premature patient weighing less than 1,500 g.
However, a randomized prospective study should be required to prove whether primary surgical closure is superior to initial medical treatment in the premature baby with large PDA (≥ 2 mm).
CONCLUSION
Medical treatment has a high failure rate in infants weighing less than 1,500 g with PDA exceeding 2.0 mm. Surgical closure following medical treatment requires a longer mechanical ventilation time and increases the incidence of BPD.
Primary surgical closure of PDA exceeding 2.0 mm in infants weighing less than 1,500 g should be considered to reduce mortality and long-term morbidity events including BPD. This study has limitations due to the total number of premature neonates, its retrospective design, and the short follow-up period.
